Abstract Group A human rotaviruses (HRVs) are the most important aetiological agents of acute viral gastroenteritis in infants and young children in both developing and industrialised countries. Rotaviruses are resistant to many chemical disinfectants and reportedly survive well in treated tapwater and sewage. In this study a group A specific reverse transcriptase-polymerase chain reaction (RT-PCR) followed by a nested-PCR was applied for the detection of HRVs in raw and treated drinking-water samples drawn at a water reclamation plant. For a period of two years (July 2000 to June 2002), borehole, raw and treated drinkingwater samples were collected weekly. Viruses were recovered from the water samples using a glass wool adsorption-elution technique followed by secondary concentration using precipitation with polyethylene glycol. In the first year of the study group A HRVs were detected in 11% sewage samples, 8% partially treated waters and 5% final treated drinking waters. The results of the second year of the study showed the presence of group A HRVs in 11% sewage and untreated surface water samples, 15% partially treated water and 6.5% final treated drinking waters. No HRVs were detected in the water samples from the boreholes. The presence of group A HRVs in treated drinking-water samples suggested that this water could be a potential source of infection to consumers. The data also implied that either the water treatment did not remove HRVs or the treated water was contaminated post-treatment.
Introduction
Enteric viruses are a major cause of mortality and morbidity worldwide (Pintó et al., 1994) . The stability of enteric viruses in environmental water and their resistance to the physicochemical treatment processes may facilitate their transmission through food and water (Koopmans et al., 2002) . Despite public health advances to improve the quality of food, water and sanitation, gastroenteritis is still a common viral-mediated food-and waterborne disease. Of the enteric viruses, human rotaviruses (HRVs), one of the causes of viral gastroenteritis, are predominantly transmitted via the faecal-oral route (Kapikian et al., 2001) . After replication in the gastrointestinal tract, HRVs are excreted in high numbers and may be dispersed into the environment (Santos et al., 1994) .
Group A rotaviruses are the most important agents of acute viral gastroenteritis in infants and young children, but can cause gastroenteritis in all age groups (Kapikian et al., 2001) . Community-acquired infections are thought to be responsible for 5-10% of sporadic episodes of diarrhoea in adults (Bishop, 1994) . Although water-and food-borne outbreaks of HRV infection have been documented (Hopkins et al., 1984; Fletcher et al., 2001) , contaminated water has, to date, not been identified as a major source of infection. However, in the light of recent findings, contaminated water should be considered a potential source of infection (Baggi and Peduzzi, 2000; Gratacap-Cavallier et al., 2000) .
Initially, cell culture combined with immunological-based assays, e.g. indirect immunofluorescence and direct immunoperoxidase techniques, were used to detect and enumerate viable HRVs in water environments (Mehnert and Stewien, 1993) . The application of a commercial enzyme-linked immunosorbent assay (ELISA) reportedly had a high sensitivity and specificity for the determination of rotavirus antigen in environmental water samples (Dahling et al., 1993) . However, with the development of more sensitive molecular-based assays, group-and type-specific RT-PCR methods are being used to detect and genotype HRVs from water sources (Gajardo et al., 1995; Baggi and Peduzzi, 2000; Villena et al., 2003) . The purpose of this study was to apply the method described by Baggi and Peduzzi (2000) for the detection of group A HRVs in raw and treated water samples from a water reclamation plant. The method uses a single-step reverse transcriptase-polymerase chain reaction (RT-PCR) for the amplification of the entire VP7 gene followed by a nested-PCR.
Materials and methods

Sewage and water samples
Over a two-year period (July 2000-June 2002) the following samples were collected at selected stages in a multiple-barrier water reclamation plant: raw and settled sewage (n = 36); borehole water (groundwater transferred to the reservoir supplying the distribution system; n = 30); raw and partially treated water (surface dam water and water collected from at different stages of the treatment process; n = 39); and treated drinking water (chlorinated water supplied to consumers; n = 118). With the exception of the sewage samples, where 100 mL was collected, 10 L of each of the source, partially treated and final drinkingwater samples were drawn. Samples were kept at 4°C and analysed within 48 h.
Virus recovery
Human rotaviruses were recovered from the borehole, the raw and the partially treated water, as well as from final reclaimed drinking water, by means of a glass wool absorption-elution technique (Grabow and Taylor, 1993; Wolfaardt et al., 1995) based on the method developed by Vilaginés et al. (1993) . After filtration of the water through perspex columns (internal diameter 30 mm) packed with 10 g (0.5 g/cm 3 ) oiled sodocalcic glass wool (Isover-Orgel, Rantigny, France), HRVs were eluted with 100 mL glycinebeef-extract buffer (0.005 M glycine; 0.5% beef extract; pH 9). The pH of the eluate was adjusted to pH 7 using 1 N HCl (Merck, Darmstadt). As a secondary concentration step the polyethylene glycol/NaCl (PEG/NaCl) (Merck) precipitation method of Minor (1985) was used. The precipitated viruses were resuspended in 20mL PBS (pH 7.4; Sigma Chemical Co., St Louis, MO). Human rotaviruses were recovered from 100 mL sewage, using only the PEG/NaCl technique.
Cell culture amplification
The human colonic carcinoma cell line, CaCo-2 (ATCC HBT 37), at passages 50-100, was used for the amplification of HRVs (Pintó et al., 1994) . Cells were grown to confluent monolayers in 25 cm 2 cell culture flasks. The recovered virus suspensions were treated with nystatin (100 U/mL; Sigma), penicillin (50 U/mL)/streptomycin (50 µg/mL)/neomycin (100 µg/mL) mix (Sigma) for 30 min at room temperature (25°C) and then with 10 µg/mL trypsin (Trysin 250, Difco, Detroit, MI) for 30 min at 37°C. After removal of the propagation medium, the cells were washed with 5 mL 0.01 M PBS (Sigma). The cells were starved for 60 min in 1 mL serum-free Eagle's minimal essential medium (EMEM) (Highveld Biological (Pty) Ltd, Kelvin, SA). After withdrawal of the starvation medium, 1 mL of the treated virus suspension was inoculated onto the cells. The virus was allowed to adsorb for 90 min at 37°C with gentle rotation every 15 min. Thereafter, the inoculum was removed and 4 mL of serum-free EMEM, containing penicillin/streptomycin/fungizone mix (BioWhittaker, Walkersville, MD) and 10 µg/mL trypsin (Difco) was added to each flask. The infected cell cultures were incubated at 37°C in the presence of 5% CO 2 and were passaged for 3 d post-infection (p.i.). A total of 1.5 mL of the cell suspension was harvested 4 d after passaging.
Molecular detection of group A rotaviruses
Viral RNA was extracted from both the infected cell cultures (1.5 mL), as well as from the recovered virus suspensions (1 mL), using TRIzol ® reagent (Invitrogen Life Technologies, Paisley, Scotland) according to the manufacturer's instructions. Unless stated to the contrary, the PCR reagents and enzymes were from Promega Corp., Madison, WI. The sequences and locations of the primers, as well as the expected amplicon sizes, are given in Table 1 . Sequence analysis done by Baggi and Peduzzi (2000) found that these primers only detected rotaviruses of human origin.
The extracted RNA (10 µl) was denatured for 5 min at 97°C and immediately cooled on ice. The denatured RNA was added to the following PCR mix: 10 mM Tris-HCl (pH 9), 50 mM KCl, 1.0 mM MgCl 2 , 0.2 mM dNTPs, 25 pmol each of primers R1 and End9 (Table 1) , 10U AMV-RT and 2.5U Taq DNA polymerase. The RT-PCR reactions were incubated for 30 min at 42°C followed by 25 cycles of 60 s at 94°C, 120 s at 55°C and 60 s at 72°C, with a final extension of 7 min at 72°C. A 2 µL aliquot of the RT-PCR amplification product was added to the following PCR mix for the nested-PCR: 10 mM Tris-HCl (pH 9), 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM dNTPs, 25 pmol each of primers R3 and Rp, and 2.5U Taq DNA polymerase. Initial denaturation for 2 min at 94°C was followed by three cycles of 30 s at 94°C, 30 s at 50°C and 30 s at 72°C and thereafter by 27 cycles of 15 s at 94°C, 15 s at 50°C and 20 s at 72°C with a final extension step of 7 min at 72°C. Nested-PCR products (20 µL) were separated on a 2% agarose gel using a 100 bp MW marker and visualised by ethidium bromide staining.
A negative control, consisting of 1mL nuclease-free water (Promega), was included in each set of RNA extractions. Negative controls, consisting of 10 µL and 2 µL nuclease-free water, were included in each RT-PCR and nested-PCR, respectively, and simian rotavirus SA11 RNA was included as positive control.
Results and discussion
Over the two-year period a total of 223 sewage and water samples from the water reclamation plant were analysed. In the first year of the study (July 2000 to June 2001) group A rotavirus RNA was detected in 1/9 (11%) sewage samples, 1/13 (8%) dam and partially treated water samples and 2/41 (5%) final treated drinking-water samples. During the second year of the study, group A rotavirus RNA was detected in 3/27 (11%) sewage samples, 4/26 (15%) dam and partially treated water samples and 5/77 (6.5%) final treated drinkingwater samples. No HRVs were detected in any of the borehole water samples analysed. Whether the glass wool recovery technique influenced the results in this study is uncertain, as other investigators have used other viral recovery methods [e.g. ultrafiltration (Gratacap-Cavallier et al., 2000) and SiO 2 precipitation (Baggi and Peduzzi, 2000) ]. With the exception of one sample, all samples in which rotavirus RNA was detected were (Figure 1 ). This corresponded with the reported seasonal occurrence of rotavirus infection in temperate regions (Bishop, 1994; Kapikian et al., 2001) . Group A rotavirus RNA was detected in the recovered viral suspensions only after application of the nested-PCR step. This indicated that single-step RT-PCR, which readily detects rotavirus RNA in stool samples, was not sensitive enough to detect rotavirus RNA in the sewage and water samples. This confirmed the findings of Baggi and Peduzzi (2000) , who detected group A HRVs in stool samples using RT-PCR, but had to apply the nested-PCR for the detection of group A HRVs in raw sewage and surface river water samples.
A positive RT-PCR result without prior viral amplification in cell cultures does not give an indication of the viability of HRVs detected. In this investigation, HRV RNA was only detected in the concentrates of recovered viruses and not in any of the CaCo-2 cell cultures. This inability to detect HRVs in the cell cultures could possibly be ascribed to the low titres in water and the fastidious nature of wild type HRVs (Kapikian et al., 2001) . However, studies by Limsawat and Ohgaki (1997) showed that viral RNA detected by RT-PCR provided evidence for the recent presence of potentially viable viruses in wastewater. The low percentage of sewage samples in which group A rotavirus RNA was detected may have been due to the small volumes (100 mL) used for viral recovery as well as PCR inhibitory agents possibly present in sewage and other faecal wastes (Shieh et al., 1995) .
The rotaviruses detected in this study have not been characterised. Recent studies on the rotavirus strains circulating in children with diarrhoea in Africa showed the emergence of unusual strains, namely G8 and P[6] strains (Steele and Ivanoff, 2003) . In a recent survey of the group A rotaviruses in sewage samples from Barcelona and Cairo, uncommon types (G9, G5 and P[6]) were detected (Villena et al., 2003) . The serotypes circulating in a given region have a direct influence on the efficacy of potential rotavirus vaccines and the monitoring of the G and P types proves to be important for the prediction of vaccine efficiency. Typing the group A HRVs isolated from water and sewage sources would thus be an ideal approach to monitor new emerging strains circulating in the community.
Tapwater has been implicated in a community-waterborne outbreak of rotaviral gastroenteritis (Hopkins et al., 1984) and rotaviruses, of both human and animal origin, have been detected in drinking water from homes in France where children suffered from rotaviral gastroenteritis (Gratacap-Cavallier et al., 2000) . The presence of group A HRVs in the treated drinking-water samples analysed suggested that this water could be a potential source of infection to consumers. However, the potential risk of HRV infection in communities using this treated water for domestic purposes has not been evaluated. 
